ABSTRACT. Arthropod assemblages in the Arctic are set for substantial changes in response to climate change, yet we know little about the ecological structure of many groups in the North. We tested the effects of elevation and latitude on northern spider assemblages by sampling along nine mountains across three latitudes in the Yukon Territory, Canada. Spiders were collected in 216 pitfall traps placed at four elevations along each of the nine mountains, representing 36 sites sampled across three latitudes (i.e., distinct mountain ranges). We collected 1954 individuals representing 89 species, 57 genera, and 12 families of spiders. Using nested ANOVAs, we found significant main effects of latitude, elevation, and an interaction of the two factors on species richness and abundance. Using MRPP and NMS ordination, we also found significant effects of latitude and mountain on species composition, but within each of the three latitudes, only elevation produced significant effects. Our study suggests that changes along spatial gradients associated with changes in habitat can have significant effects on the structure of spider assemblages, but responses vary among mountain ranges. We show that within a given mountain range, individual mountains may be used as spatial replicates for studies about northern arthropod assemblages.
INTRODUCTION
The effects of spatial gradients (e.g., elevational and latitudinal) on species assemblages remain a central theme of biogeography (Willig et al., 2003; Hodkinson, 2005; Willig and Bloch, 2006) . The patterns resulting from the effects of latitude and elevation have been well studied for many organisms at many spatial scales (reviewed by Willig et al., 2003 and Hodkinson, 2005) . There are fundamental ecological reasons for understanding these patterns of change across spatial gradients: specifically, understanding the effects that these gradients have on patterns of biodiversity and global distributions of species. However, spatial gradients may also serve a more applied mandate: an example is using latitudinal or elevational transects to test climate change predictions (e.g., Andrew and Hughes, 2004; Parmesan, 2006) . Such studies suggest that highlatitude and high-elevation species are at greatest risk for range contraction and potential extinction in future climate change scenarios (Parmesan, 2006) . Despite the abundance of biogeographical studies focused on tropical and temperate zones (e.g., Gotelli and Ellison, 2002; Willig et al., 2003; Andrew and Hughes, 2004; Ruggiero and Hawkins, 2008) , relatively few studies have explored spatial patterns of species assemblages occurring in northern systems (but see Otto and Svensson, 1982 , and meta-analyses by Cardillo, 2002; Currie et al., 2004; Kotwicki et al., 2005; Qian et al., 2009) .
The patterns arising from biogeographical studies include positive, negative, hump-shaped and neutral responses of species to changes in elevation and latitude. Latitude tends to be negatively correlated with species richness (e.g., Cushman et al., 1993; Lyons and Willig, 2002; Finch et al., 2008) , with some exceptions (e.g., Dixon et al., 1987; Kouki et al., 1994) . Studies of elevation, which mimic environmental changes associated with latitude at a more abrupt spatiotemporal scale (Hodkinson, 2005) , tend to show decreases in diversity with increasing elevation, but these responses are not often linear (Rahbek, 1995) . Studies examining patterns of abundance across spatial gradients are less common. However, terrestrial arthropod community abundance has shown either a decrease or no effect with increases in elevation or latitude. For example, Otto and Svensson (1982) and McCoy (1990) show decreases in spider abundance with increases in elevation, while Chatzaki et al. (2005) found no significant effect of elevation on spider abundance (measured as activity) along an elevational gradient in Crete. Andrew and Hughes (2005) found, in an analysis of the effects of latitude on various terrestrial arthropod feeding guilds, that predators showed the only significant latitudinal trend.
At regional and continental scales, spider species richness has been correlated with latitude and mean annual temperature (Finch et al., 2008; Whitehouse et al., 2009) . Spiders (Arachnida: Araneae) are a model taxon for investigating the effects of spatial gradients on species assemblages at regional scales (i.e., 200 -4000 km, Waide et al., 1999) . Spiders readily respond to acute changes in habitat heterogeneity (Downie et al., 1995) , temperature, and humidity (DeVito et al., 2004) . The fine spatial scale at which spiders partition these abiotic changes (Moring and Stewart, 1994) makes them suitable to assess species assemblage patterns across spatial gradients at regional extents. Over a broad elevational gradient, ground-dwelling spider richness has shown a hump-shaped response to changes in elevation (Chatzaki et al., 2005) . Jimenez-Valverde and Lobo (2007) , however, found that spider richness was more strongly correlated with habitat complexity and maximum temperature than with elevation at a regional scale of investigation.
There are other ecological reasons why spiders represent a model taxon for biogeographic research: spiders are eurytopic and thus can be collected in varying habitats encountered along spatial transects (e.g., Chatzaki et al., 2005) . Spiders are important to local food web dynamics (Wise, 2004) and ecosystem processes (i.e., nutrient cycling, Lawrence and Wise, 2000) , and their taxonomy is readily accessible and relatively well known (Ubick et al., 2005) . Spiders are also well represented in terms of species richness and abundance at northern latitudes (Buddle et al., 2000) , and many faunal inventories illustrate this fact (Dondale et al., 1997; Marusik and Koponen, 2002; Marusik et al., 2004; Pickavance, 2006) . These studies, however, have not led to quantitative regional studies of factors that determine patterns of spider assemblage structure in the far North.
Our objective was to determine the effects of elevation and latitude on spider assemblage structure. Specifically, we sought to determine the changes that occurred in species richness, activity density, and composition across elevation and latitude in the Yukon Territory, Canada. We predicted that spider species richness and activity density would be affected by both latitude (across all mountain ranges) and elevation, and that they would generally decrease with increasing elevation or latitude, or both. Because spiders are adapted to a rather narrow set of abiotic parameters (e.g., temperature, humidity, and habitat), we also predicted that composition would differ significantly among latitudes and elevations.
MATERIALS AND METHODS

Experimental Design and Sampling
Sampling was conducted in three mountain ranges in the northern Yukon Territory, Canada ( Fig. 1) : the Tombstone Range (64.309˚ N, 138.141˚ W), the Ogilvie Range (65.158˚ N, 138.148˚ W), and the Richardson Range (66.725˚ N, 136.114˚ W) . This region of the Yukon transitions northward from boreal forest to Arctic tundra (Payette et al., 2001 ). In the most southern part of the study area is the valley of the Tombstone Range, a patchy matrix of black spruce (Picea mariana Mill.) and white spruce (P. glauca Moench), with non-forested areas of sphagnum, Ledum sp., Vaccinium sp., Empetrum sp., lichens, grasses, and patches of willow (Salix spp.) and dwarf birch (Betula glandulosa Michx.) up to 1.5 m high. This habitat transitions, with increasing elevation, into alpine tundra characterized by a thin sphagnum layer and stunted vegetation with patches of barren ground and rock. The third mountain of the Tombstone Range differs slightly and is dominated by thick willow stands approximately one meter high.
The Ogilvie Range contains thin boreal forest in the valley, which is dominated by black spruce and large willows. With increasing elevation, the forest thins to sparse black spruce and willow along the mountainside. The Ogilvie Range was the only mountain range in which trap disturbance occurred during the study period: two pitfall traps were consistently disrupted at one of the lowest-elevation sites in this range. The potential influence of this disturbance on the data is therefore discussed along with biological explanations.
In the Richardson Mountains, the northernmost range studied, open tundra dominates the valley and is characterized by a thick sphagnum layer, Ledum sp., Vaccinium sp., Empetrum sp., Eriophorum sp., lichens, and stunted Salix spp. and Betula glandulosa Michx. This valley tundra transitions through a thinning sphagnum layer to rock in the mountains.
Ground-dwelling spiders were collected using pitfall traps at each of the three mountain ranges. Pitfall trapping is useful for studying arthropod biodiversity at large spatial scales (e.g., Gotelli and Ellison, 2002; Chatzaki et al., 2005; Whitehouse et al., 2009 ) and allows for consistent and repeatable sampling. Each pitfall trap consisted of a transparent plastic container (6 cm in diameter, 7 cm deep) half filled with 1:1 water and propylene glycol. A cover (a 14 × 14 cm square of plastic corrugate) was placed about 2 cm above each trap and held into the ground by wire. We placed each trap into the ground so that the rim was flush with the substrate surface.
We established three transects within each mountain range (latitude). This design allowed for spatial replication, maintaining the same elevation within each range. Many altitudinal studies have chosen to maximize altitudinal variation along a single transect (e.g., Olson, 1994; Chatzaki et al., 2005; Cardelús et al., 2006) . We opted to maximize spatial replication to detect and develop generalizations about landscape and regional scale patterns in arthropod diversity (e.g., Sanders et al., 2003; Almeida-Neto et al., 2006) .
We sampled sites at four different elevations along each of the three mountains within each of the three ranges. The four sites on each mountain were established every 100 m in elevation, for a total of 36 sites in the region. Each site consisted of six pitfall traps placed 10 m apart. The mountain transects were initiated in valleys and ran up the three mountains selected in each range. Elevation in the Tombstone Range began at 1060 m in the valley and ended at 1360 m. In the Ogilvies, elevation ranged from 660 m in the valley to 960 m at the top of the mountains. In the Richardson Range, pitfall trapping began at 760 m in the valley and ended at 1060 m on the mountaintops. Although actual elevation varied among latitudes, there was no difference within each range, and except as noted above, we maintained habitat among mountains within each range at a given elevation. The overall design of our study was four elevations (sites) within each mountain, three mountains within each latitude (mountain range), and three latitudes within the region.
We collected spiders with pitfall traps between 14 June and 22 July 2006. We chose this time frame because it includes the highest activity period for spiders in the North (pers. obs., Buddle and Draney, 2004) . Traps were open for an average of 27.5 days ± 0.294 (mean ± SE). There was no effect of sampling effort on trap captures, so we did not standardize the data for sampling effort. Although these data represent only one year of collection, past studies from northern Alberta, Canada, suggest that arthropod community data do not change significantly from year to year (e.g., Buddle et al., 2000) . All traps were emptied twice, and all arthropods were preserved in ethanol. The spiders collected were pooled by elevation per mountain, so the six pitfall traps were treated as a site. All specimens were identified to species level following nomenclature by Platnick (2009) . Immature specimens were omitted from analyses and voucher specimens deposited at the Lyman Entomological Museum (Ste Anne de Bellevue, Quebec).
Statistical Analyses
We focused on three main response variables: species richness, abundance (as measured by activity density), and composition. All species data were transformed (x' = log (x + 1)) to improve monotonicity and to maximize the amount of variation explained by ordination. Species richness and activity density data were transformed to a logarithmic scale (base 10) to achieve normality for parametric tests.
Two separate nested analyses of variance (ANOVA) were calculated using the transformed data for species richness and activity density. ANOVA models were calculated using latitude and elevation as random main effects and mountain as a random factor nested in latitude. We tested for the main effects of latitude and elevation, for the nested effect of mountain, and for the interaction between latitude and elevation. We used package "lme4" (Bates and Maechler, 2009 ) for the R statistical software version 2.8.0 (R Development Core Team, 2008) . To explore variability in species richness and activity density among elevations due to the significant interaction, we ran six one-way ANOVAs within each mountain range using SPSS version 15 (SPSS Inc., 2006) .
To examine the effects of elevation and latitude on patterns of community composition, we ran a non-metric multidimensional scaling (NMS) ordination (Kruskal, 1964) with the software program PC-ORD version 4.17 (McCune and Mefford, 1999) . A detrended correspondence analysis (DCA) was first completed and used as a starting configuration for the NMS ordination. To achieve the optimum NMS solution, we used step-down in dimensionality beginning at six axes. The best solution is that which minimizes stress (the relationship between the original species data and the data represented in ordination space) while maintaining the interpretability of the data by obtaining the fewest dimensions. The ordinations were run using Sørensen (BrayCurtis) distance with 400 iterations, 20 runs with real data, 50 runs with randomized data, and an instability criterion of 0.00005. A Monte Carlo simulation using randomized data (n = 50) was run to determine the probability that a similar final stress could have been achieved by chance (McCune and Grace, 2002) .
We used rank-transformed multi-response permutation procedures (MRPP) (Mielke and Berry, 2001 ) to test for differences in species composition among latitudes, elevations, and mountains. We also tested for differences among elevations within latitudes in case of variation. This nonparametric statistical procedure tests whether there are significant compositional differences (i.e., average withingroup ranked distances) between two or more sample groups defined a priori. MRPP is a good complement to NMS ordinations, and it helps improve their interpretability by providing a measure of effect size given by the chancecorrected, within-group agreement statistic "A" (McCune and Grace, 2002) .
To examine how individual species responded to the elevational gradient in each of the mountain ranges, we plotted the transformed activity density of the most dominant species. We also performed indicator species analyses (Dufrêne and Legendre, 1997) , using PC-ORD, to determine whether a given species was abundant at a particular elevation or group of elevations (i.e., low or high) and the fidelity to that group. We chose to run two sets of indicator species analyses, using species that were both represented by more than 10 individuals and present in at least eight sites, to determine whether each species was a significant indicator of a particular elevation or elevation group.
Because different spider families use different ecological strategies (e.g., for hunting) and likely have different environmental requirements, we also examined familylevel patterns in our data. We were especially interested in determining whether there were ordered changes in the proportions of individuals represented by the families in our data. To examine how different families of spiders respond to changes in elevation, we plotted a bar chart showing the proportional differences in relative abundance of the dominant spider families.
RESULTS
We collected and identified a total of 1954 individual spiders representing 89 species, 57 genera, and 12 families (See Appendix). Activity density averaged 54.27 ± 6.82 (mean ± SE) individuals per site (elevation/mountain), while species richness averaged 11.36 ± 0.71 species per site (range: 4 -23). The four most abundant species-(Pardosa lapponica (Thorell), 626 individuals; P. uintana Gertsch, 209 individuals; Alopecosa aculeata (Clerck), 161 individuals; and P. glacialis (Thorell), 100 individuals-all belonged to the family Lycosidae and represented 56% of the total number captured. The family with the most species was Linyphiidae, which accounted for 43 species collected in the region.
Species Richness
There were significant main effects of latitude and elevation on species richness; however, there was also a significant latitude-elevation interaction (Table 1) . Average richness was highest in the Tombstone Range (13.67 ± 1.42 species per site) and lowest in the Ogilvie Mountains (9.50 ± 0.58 species per site). Species richness averaged 10.92 ± 1.29 species per site in the most northern part of the study area (Richardson Mountains). The significant interaction term indicated differential responses in species richness to elevation among the mountain ranges (Fig. 2a, Table 1 ).
The Richardson Range displayed a decrease in species richness with increasing elevation. The Ogilvie Range did not yield any clear changes in richness with elevation; species richness did not differ between the top of the mountains and the lowest elevation. Species richness in the Tombstone Range decreased along two of the three elevational transects; however, one of the mountain transects displayed highest species richness at the highest elevation, with little change among the lower elevations (Fig. 2a) .
After examining a significant interaction between latitude and elevation with our species richness data, we further explored the variability within each mountain range with a one-way ANOVA. The Richardson Range was the only one to display a significant effect of elevation on species richness (F 3,8 = 10.1, p = 0.004) (Fig. 2a ). There were non-significant effects of elevation on species richness in the Ogilvie Range (F 3,8 = 0.464, p = 0.715) and in the Tombstone Range (F 3,8 = 3.041, p = 0.093) (Fig. 2a) .
Activity Density
Latitude and elevation had significant effects on activity density; however, as noted for the species richness data, there was also a significant latitude-elevation interaction (Table 1 ). The largest number of individuals per site (86.08 ± 9.37) was collected in the Tombstone range. The Ogilvie Range yielded an average of 26.50 ± 2.49 individuals per site, and the Richardson Range, 50.25 ± 13.66 individuals per site. The mean activity densities from low to high elevation were 79.44 ± 16.10, 62.22 ± 16.29, 32.22 ± 5.66, and 41.22 ± 9.96 individuals per site.
Activity density displayed a similar pattern to species richness in yielding range-specific responses to elevation among mountain ranges (Fig. 2b) . Again, the Richardson Range showed the only significant change in activity density with increasing elevation (F 3,8 = 17.62, p = 0.001; Fig. 2b ). There were no significant changes in activity density across elevations within the Ogilvie Range (F 3,8 = 1.383, p = 0.316). In fact, the highest elevation in this range yielded the highest number of individuals (Fig. 2b) . The Tombstone Range revealed statistically significant differences in activity density across elevations (F 3,8 = 5.73, p = 0.022), but there was no consistent pattern in response: activity density was lowest at the third-highest elevation and peaked at the lowest and highest elevations (Fig. 2b) .
Analysis at species level revealed that activity density for many single species followed a pattern similar to that noted for all species in the regional data set (Fig. 3) . Specifically, in the Tombstone Range some species (e.g., P. uintana) gradually decreased in abundance with increasing elevation, while others (e.g., Alopecosa aculeata) seemed to respond positively to the increase in elevation. Indicator species analysis supported these trends, as the Lycosidae P. lapponica, P. moesta, and P. uintana were all significant (p < 0.05) indicators of the two lower elevations in the Tombstone Range, while A. aculeata was a significant indicator of the two higher elevations in that range. In the Ogilvie Range, some species (e.g., P. lapponica) appeared to increase in abundance with increasing elevation, while others remained unchanged. In fact, Micaria alpina L. Koch (Gnaphosidae) was the only significant indicator in the Ogilvie Range and was an indicator of the two lower elevations. In the Richardson Range, most species responded negatively to the increase in elevation; however, a few species (e.g., P. albomaculata Emerton) responded positively to the gradient. Pardosa albomaculata and Gnaphosa orites Chamberlin (Gnaphosidae) were significant indicators of the two higher elevations in the Richardson Range, while Agyneta jacksoni Braendegaard (Linyphiidae) and Xysticus britcheri Gertsch (Thomisidae) significantly indicated the lowest elevation. Pardosa sodalis Holm was also abundantly collected at the lowest elevations in the Richardson Range, but was not included in the analysis because of its relatively low incidence.
Composition
Multi-response permutation procedures revealed significant effects of latitude and mountain, as well as an effect of elevation within each of the mountain ranges; there was no significant main effect of elevation (Table 2 ). These results are well supported by the final two-dimensional NMS ordination achieved (Fig. 4) . The axes of the NMS ordination explained 84.9% of the variation in the species composition data (Axis 1: 20.4%; Axis 2: 64.5%). The ordination shows (Fig. 4) . There was no overall clustering of high-or low-elevation sites across latitudes, which illustrates the lack of a significant main effect of elevation displayed by MRPP.
We detected very few changes in the proportion of individuals represented by each family at each elevation in each mountain range (Fig. 5) . In the Tombstone Range, although there was no observable linear pattern, we did note a difference between the two low-level and the two high-level sites.
The two lower-elevation sites yielded both a higher number of individuals and a higher number of families than the two higher-elevation sites. Other than the decrease in the proportion of Thomisidae and the lack of some other families represented at higher elevations, there were no proportional differences by family in the Tombstone Range. In the Ogilvie Range, the relative proportion of Linyphiidae decreases with increasing elevation, but there were no other obvious differences in the relative abundance of families represented. The Richardson Range displayed the largest change in activity density (also shown in Fig. 2b ), but only showed a decrease in Thomisidae with increasing elevation. Overall, the Lycosidae were the most dominant family and typically accounted for 50% or more of individuals collected at each elevation, but did not change proportionally at different elevations in each range.
DISCUSSION
It is important to obtain data on species diversity patterns in the North because climate change is projected to have a disproportionate effect on the Arctic environment and Arctic biota (Callaghan et al., 2004) . We used a spatially replicated regional scale design to assess the effects of elevation and latitude on spider species richness, abundance, and composition in northwestern Canada. We found significant differences in richness and abundance (activity density) among elevations and latitudes, and we detected significant interactions between latitude and elevation for both richness and abundance. Our ordination results showed that mountain range had a larger effect on assemblage structure than elevation or transect (i.e., within a mountain range) although there was evidence of elevational effects within latitude on species composition (i.e., Richardson Range, Fig. 4) . The fact that spider species are typically adapted to a narrow set of abiotic factors (e.g., Moring and Stewart, 1994; DeVito et al., 2004) helps explain the changes in species composition at different latitudes and different elevations within each latitude. Local climate changes substantially with increasing elevation through adiabatic cooling, and changes across spatial gradients beget changes in habitat (Tilman and Pacala, 1993) . These changes occur more abruptly across elevation than across latitude (Hodkinson, 2005) . However, we found that latitude had a stronger main effect on composition than did elevation. This finding probably reflects the differences in both current habitat and historical events (e.g., glaciations) among the three mountain ranges. The Richardson Range, the northernmost mountains in this study, displayed the most substantial change in spider composition from low to high elevation, supported by the separation of lower-and higher-elevation sites on the NMS ordination. The significant differences observed in this mountain range may be due to changes in habitat associated with changes in elevation. For example, at a local spatial scale, Muff et al. (2009) showed significant differences in spider assemblages across a transition from alpine pasture to forest. Specifically, more species preferred an open-area habitat than a forested one, but the intermediate timberline areas yielded a positive ecotone effect. The authors pointed to the relative importance of habitat (i.e., density and structure of vegetation) than spatial variables in determining patterns of spider assemblages. Our mountain transects in the Richardson Range transitioned from tundra to talus slopes. The compositional differences in this range probably mirror changes in habitat associated with changes in elevation. Species richness and abundance also displayed the largest changes across elevations in the Richardson Range (the highest in latitude). This finding suggests a compound effect of latitude and elevation that may correspond to more extreme changes in habitat.
Spider composition in the Ogilvie Range did not exhibit strong changes with increasing elevation (Fig. 4) . One explanation for the lack of change with elevation in this range is that, unlike the other ranges, it has relatively uniform (forested) habitat from low to high elevation sites. We can therefore use the Ogilvies as a control for a strict test of elevation independent of habitat effects. We suggest that since no significant effects were detected in the Ogilvie Range, habitat is a more important determinant of spider community composition than elevation across this landscape. During a landscape scale study on a mountain in Quebec, Canada, Koponen (1987) found the highest number of species at the forest edge, supporting the positive influence of habitat transitions on spider assemblages across elevation. Trap captures were also the highest in open (mountain top) habitats and lowest at lower altitudes in forested sites (Koponen, 1987) . Trap disturbance may be another explanation for the lack of change with elevation in the Ogilvie Range. The trap disturbance at one of its lower sites would have reduced the number of individuals and species caught and may help explain the pattern of no net change with elevation in this range.
At Tombstone, our most southern site, species richness, activity density, and composition yielded mixed results. The third-highest elevation had the lowest species richness and activity densities (Fig. 2) , and composition did not change across elevation. We attribute these results to habitat effects: two of the three transects were similar in vegetation composition, but the third was on a steeper incline and transitioned from sparse boreal forest to talus slope with increasing elevation.
At smaller (i.e., local and landscape) spatial scales, spiders have been shown to respond strongly to habitat (Koponen, 1987; Rypstra et al., 1999; Muff et al., 2009 ), whereas at broad spatial scales spiders seem to follow spatial predictors (e.g., latitude) quite well (Finch et al., 2008; Whitehouse et al., 2009) . However, at a regional scale, habitat complexity has been shown to be more important than spatial predictors (e.g., elevation) in determining spider FIG. 4 . Non-metric multidimensional scaling ordination of species data. Symbols indicate mountain range (latitude) (■ -Tombstone, ▲ -Ogilvie, • -Richardson), and each point represents a site sampled. Shading indicates elevations 1 to 4 (increasing darkness indicates increasing elevation). The error bars represent 95% confidence limits for each of the three ranges sampled. We determined via Monte Carlo simulation (n = 50 runs) that the reduction in stress was significantly higher than expected by chance (p = 0.0196). assemblages in at least one study (Jimenez-Valverde and Lobo, 2007) . In our Arctic system, we show effects of elevation on spider assemblages at the landscape scale (within a range), and effects of elevation and latitude at a regional scale (all ranges). However, effects were weaker when habitat differences were weak (i.e., Ogilvie); similarly, when strong habitat differences occurred (i.e., Richardson), differences in spider assemblages across elevation were more pronounced. The results of our study may reflect spatially structured changes in habitat leading to changes in the spider assemblages.
Studies examining successional gradients have yielded much support for habitat complexity as being a key component to the development of local spider assemblages (Lowrie, 1948; Bultman et al., 1982; Buddle et al., 2000; Kaufmann, 2001 ). There exists a parallel between habitat successional gradient studies and our elevational study, as habitats change over spatial gradients in a manner analogous to their changing over successional gradients. For example, chronosequences of glacial retreat along an alpine transect have been used to indicate the importance of successional changes in vegetation for spider assemblages (Kaufmann, 2001; Gobbi et al., 2006) . Kaufmann (2001) pointed to the importance of successional changes in soil and vegetation affecting patterns in spider fauna in an alpine glacial foreland. However, the role of biotic factors cannot be dismissed, as food availability (e.g., Halaj et al., 2000) and processes such as dispersal (e.g., Bonte et al., 2004) may also influence the dynamics and structuring of spider assemblages. For species that are adapted to high elevation, such as Pardosa albomaculata, the intervening lowlands likely serve as inhospitable habitat, like island habitats in an oceanic matrix. The patch-like distribution of mountains and unevenness of the ground potentially serve as effective barriers to passive dispersal of arthropods to suitable mountain habitat (Mani, 1968) . In the face of climate change, these species could be greatly affected by upward elevational range expansions of lowland species now restricted by current climate conditions (Parmesan, 2006) .
Aside from a decrease in Thomisidae representation with increasing elevation in two of the three mountain ranges, we detected no consistent changes in spider families along our mountain transects. Koponen (1987) found substantial differences in ground-dwelling spider composition among habitats across an altitudinal gradient in the boreal region of Quebec, Canada. Specifically, the relative proportions of Lycosidae were larger in open habitats, while the Linyphiidae were proportionately more common in forested habitats. Given this study and others investigating successional gradients (e.g., Bultman et al., 1982) , the lack of change in proportions of families represented in our data is surprising. However, we did find that some species within the same family (Lycosidae) displayed very different responses to the elevational gradients. These responses contribute to the understanding of the differences in species composition and activity density detected when using the complete species data. For example, in the Tombstone Range, roughly equal numbers of species responded positively and negatively to the increase in elevation.
Although others have found support for the effect of elevation on ground-dwelling spider assemblages (Otto and Svensson, 1982; Rushton and Eyre, 1992; Chatzaki et al., 2005) , our results did not show a consistent effect of elevation on species richness, activity density, composition, or a combination, among mountain ranges (latitudes). It is possible that the elevational range sampled was not large enough to detect a consistent and significant pattern, or that patterns are range-dependent. Our design did allow us to sample many types of habitat effectively and assess the effects of spatial factors at a regional scale with good replication. These data also support previous suggestions that data collected from a single mountain transect may not be able to generalize to larger spatial scales (Sanders et al., 2003) .
Climate change is projected to have strong effects on arthropod assemblages in the Arctic (Strathdee and Bale, 1998; Callaghan et al., 2004) . Because these changes are predicted to occur rapidly, it will be increasingly important to understand patterns of species diversity in the North and obtain baseline data with which to compare future changes resulting from spatial shifts in climate and habitat. Our study quantifies arthropod assemblages in the Arctic and shows that spiders partition space, and probably habitat, along elevational gradients. The low numbers of individuals especially adapted to life at high latitude and high elevation (e.g., P. albomaculata) should be of particular concern for future studies of the effects of climate change on arthropod assemblages.
